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Introduction
Presence, Volume (SIMNET) (Thorpe, 1987) . SIMNET is a networked battlefield simulator that allows multiple user interaction on the battlefield at many different levels. Vehicle simulators, such as tanks and aircraft, connect to the network and become part of a three-dimensional world. At the Naval Postgraduate School (NPS), an effort to develop a SIMNET-type system based on commercially available, general purpose, graphic workstations has been active for a number of years. This system, NPSNET, consists of Silicon Graphics workstations attached to a local area Ethernet (Zyda, Pratt, Monahan, 8c Wilson, 1992 (Goldiez & Lin, 1991) . Either model can be used to represent orientation, but, depending on the simulation's objectives, one method has certain advantages over the other. It basically comes down to determining which approach provides the right tool for the job (Shoemake, 1985) . Because classes, "body" coordinates and "earth" or "inertial" coordinates (Rolfe & Staples, 1986 Figure 1 shows the generally accepted convention for labeling of the axes in the two coordinate systems (Anderson, 1989 (Fig. 5) . Within the aerodynamic model, the particular aircraft being modeled is characterized by certain dimensional characteristics. A description of these terms is included in Figure 6 . (Roskam, 1979) . Stability derivatives, first used over a half-century ago, assume that all aerodynamic forces and moments can be expressed as a function of the instantaneous value of the perturbation variables (Nelson, 1989 (Roskam, 1979 (Roskam, 1979 (Rolfe, 1986) . These angles consist of the familiar azimuth angle v|r, the elevation angle 9, and the roll angle (fj. The next method, which has become popular in recent years, is the quaternion method. Based on the unit sphere, the quaternion method provides an elegant method of defining rotations through the use of four parameters. Three of the coordinates describe the axis of rotation while the fourth is determined by the angle through which the rotation occurs (Shoemake, 1985) . The (Paul, 1981) . A disadvantage of this approach is that repeated incremental rotation matrix multiplication can result in drift requiring periodic renormalization of the direction cosine matrix (Funda, Taylor, & Paul, 1990 (Goldiez & Lin, 1991 (Nelson, 1989 An alternate method that has gained popularity in the graphics community in the mid-1980s is through the use of the unit quaternion. Not a new method, quaternions have been around for over a century. Augmenting the "four-parameter method," they have been useful to aerodynamic engineers for some time and are still the method of choice for describing spacecraft orientation (Mitchell & Rodgers, 1965 (Shoemake, 1985) .
There are numerous ways to interpret the quaternion mathematically. They can be described as an algebraic (Rolfe 8c Staples, 1986) . The transformation matrix relating body to world coordinates using these four parameters is shown in Figure 12 . While this matrix involves four angles and appears to be more complex than the Euler angle matrix of Figure 10 , it can be simplified by making (Funda et al., 1991) . To update the resulting quaternion from angular accelerations, the following equations where X is an integration drift correction gain given by \ = l-(q2 + q2 + q2 + q2) (8.13) Alternatively, Eq. (8.11) can be integrated without drift correction providing that periodic normalization to unit magnitude is accomplished (Funda et al., 1990 (9) is always positive. As a result, obtaining these angles is relatively simple. The evaluation angle is derived from the transformation matrix [Eq. (7.1)] as follows: (-a3) (8.14)
To obtain the azimuth (iji) angle it must be noted that, since cos (9) (Burchfiel, 1990 (Goldiez & Lin, 1991 A flight data structure provides a global source of information on the state of each aircraft in the simulation. The information contained here is necessary for operation of the aerodynamic and orientation models, and for updating cockpit displays (Fig. 15) . Note that the fourth item in this structure is a pointer to another data structure containing aircraft specification data. Not shown, this structure contains information identical to that found in the specification record of the data input file (Fig. 14) . Maintaining flight information in two separate files saves some storage space by allowing more than one aircraft to use a single set of specification data.
The throttle in an aircraft is the pilot's primary means to control the engine. As such, a mapping of throttle position to engine rpm must be devised that incorporates delays associated with engine spool-up characteristics. In large, high-speed simulators, rpm and engine data are retrieved from engine-specific lookup tables. Because tables such as these are engine specific, the following simpler, generic method was devised. Since applications using this simulator include both jet and propeller aircraft, it was decided that allowances should be made for the differing characteristics of the two types of engines. Jet engines are generally rated in terms of thrust (lb), while propellers are rated in terms of horsepower (ft-lb/s) (Anderson, 1989 420 PRESENCE: VOLUME I , NUMBER 4
